Phenotypic and genetic characterization indicated that Hup+ bean rhizobial strains are type IIA and type IIB Rhizobium tropici. The Hup+ strain USDA 2840, which did not cluster with either of the two types of R.
Common bean plants form a nitrogen-fixing symbiosis with soil bacteria belonging to the family Rhizobiaceae. The nitrogen-fixing symbiosis is evident from the formation of nodules on the roots. The bacteria occupy specially adapted cortical cells of the root nodule, where they utilize translocated products of plant photosynthesis as an energy source for biological nitrogen fixation.
The efficiency of biological nitrogen fixation may affect plant productivity and crop yield. Hydrogen production during enzymatic reduction of dinitrogen to ammonia is among the major factors influencing the efficiency of biological nitrogen fixation (20) . Schubert and Evans (20) defined the relative efficiency of nitrogen fixation as a fraction of the total electron flux through nitrogenase allocated to the reduction of dinitrogen determined from the measurements of hydrogen evolution and acetylene reduction. In bean plants, the relative efficiency of nitrogen fixation has been correlated with total seed nitrogen and the nitrogen harvest index, and it was suggested that specific Rhizobium strain x host plant combinations wasted much of their energy by hydrogen evolution (7, 16) .
A few legume symbioses do not evolve hydrogen from the nodules because of the expression of uptake hydrogenase (Hup) activity by the nitrogen-fixing bacteria in symbiosis (2, 11) . Hup activity oxidizes the hydrogen produced during nitrogen fixation, and the electrons liberated by this reaction pass through the electron transport chain for energy conservation (3) . The increase in available energy from hydrogen oxidation enhances nitrogen fixation efficiency, which in soybean plants has been linked to a significant yield increase (4) .
Specific rhizobial strains nodulating common bean plants were shown to possess DNA homologous with the hup structural genes of Bradyrhizobium japonicum, and 13 strains were reported to express Hup activity in symbiosis (13) . At least three species, Rhizobium etli, R. tropici types IIA and IIB, and R. leguminosarum bv. phaseoli, nodulate common bean plants (12, 22) ; therefore, the taxonomy of bean rhizobial strains is complex. Since common bean plants are nodulated by such diverse species of Rhizobium, it is possible that the Hup+ strains represent a previously unclassified group of bean strains. However, it is possible also that the Hup character is associated with a specific species. Therefore, our objectives were to examine the taxonomic classification of the Hup+ bean rhizobia in relationship to reference bean rhizobial strains and to determine their phylogenetic position.
MATERUILS AND METHODS
Bacterial strains, media, and growth conditions. The bean strains used in this study are listed in Table 1 . The bacteria were grown at room temperature in 5 ml of modified arabinose-gluconate (MAG) broth (24) (28) . The amplification reactions, using the REP and ERIC primers and the buffer reported by Kogan et al. (9) , were performed as described by de Bruijn (1), in a thermocycler (Perkin-Elmer Cetus, Norwalk, Conn.), with the exception that the final reaction volume was 30 ,ul. The amplification reactions using the Y1 and Y2 primers were performed in USB buffer (U.S. Biochemical) under the conditions described by Young et al. (28) . The REP and ERIC amplification products in 10-plA subsamples were separated according to molecular size by using horizontal, 1% agarose gels and TBE buffer (19) . The Y1 and Y2 amplification products in 10-,ul 20 h.
Statistical analysis of RFLP, REP and ERIC PCR, and sequencing data. The presence or absence of restriction fragments of bean rhizobial DNA hybridizing with pBJ142 was scored for each of 14 strains to produce a rectangular data matrix of 1,120 comparisons. In the case of the REP and ERIC PCR analyses, the presence or absence of a PCR product was scored for each of 17 strains of R. tropici to produce a rectangular data matrix of 476 comparisons. Each rectangular data matrix was analyzed with the Numerical Taxonomy and Multivariate Analysis System program (NTSYS-pc [17] ), using an IBM-compatible computer. The rectangular data matrix for each analysis was used to compare each individual strain with each of the other 13 or 16 strains to generate a matrix of simple matching coefficients, which are the total number of matches between two strains divided by the total number of comparisons. Phenograms were produced by an Unweighted Pair Group Method Arithmetic average clustering analysis (23 (8) . A phylogenetic tree was constructed from the distance coefficients by the neighbor-joining method (18) .
Nucleotide sequence accession numbers. The nucleotide sequences of the partial 16S rDNA amplification products of USDA 2840 and CFN299 (USDA 9039) reported here have been deposited in the GenBank nucleotide sequence data base under accession numbers L20697 and L21837, respectively.
RESULTS
Phenotypic characterization of the Hup+ bean strains. Plant nodulation tests with 14 bean strains indicated that the Hup+ strains probably were R. tropici since all of them nodulated L. leucocephala (Table 2) . Colony morphology and the growth tests grouped two of the Hup+ strains with R. tropici IIB reference CIAT899 and three of the Hup+ strains with R.
tropici IIA reference CFN299. The phenotypic characters for growth of the six remaining Hup+ strains varied from those of the reference strains included in the test, which also included R. etli CFN42 besides the two types of R. tropici (Table 2) .
RFLP analysis. The DNAs of 11 Hup+ strains and 3 reference strains digested with EcoRI, BamHI, and HindIII generated 80 bands when hybridizations were done with the rDNA probe pBJ142. The resulting matrix of the 14 strains contained 1,120 data points to generate the simple matching coefficients. Clustering analysis of the simple matching coefficients resulted in a phenogram which indicated that two and eight of the Hup+ strains were similar to R. tropici IIB and R. tropici IIA, respectively (Fig. 1) . Strain USDA 2840 did not cluster with either of the R. tropici strains but branched before the two types formed their separate clusters. The Hup+ strains were less similar to R. etli than to either of the R. tropici groups.
REP and ERIC PCR analyses. The REP PCR analysis clearly distinguished reference strains of R. tropici IIA (lanes A, B, and C) and R. tropici IIB (lanes M, N, and 0) since both groups of strains had only one major band in common with an approximate molecular size of 830 bp (Fig. 2A) . The Hup+ strains grouping with the reference strain CFN299 (USDA 9039) in the RFLP analysis had REP electrophoretic patterns similar to those of the three reference strains of R. tropici IIA. Strain USDA 2840 also had a REP electrophoretic pattern similar to those of the reference strains of R. tropici IIA. Hup+ strain USDA 2734 had a REP electrophoretic pattern similar to that of the reference strains of R. tropici IIB. However, Hup+ strain USDA 2738 had a pattern more closely resembling that of the R. tropici IIA reference strains, although this strain grouped with the R. tropici IIB reference strain CIAT899 (USDA 9030) in the RFLP analysis. The strains of R. etli had REP electrophoretic patterns differing from one another as well as from those of the reference strains of R. tropici IIA and IIB.
Amplifications with the ERIC primers resulted in fainter bands; therefore, it was more difficult to distinguish the bean rhizobial strains from one another by observing the agarose gels than with the REP PCR analysis (Fig. 2B) (Fig. 3) . The analysis also indicated that R. tropici type IIA strains formed two clusters with less than 80% similarity, which may indicate that the type IIA strains are more variable than the type IIB strains. However, the difference in variability between the type IIA and type IIB strains may also be a reflection of the disproportionate sample size of each of the two types.
PCR with the Y1 and Y2 primers and sequencing analysis of the partial 16S rDNA. A single PCR product was observed in DNA amplifications with the Y1 and Y2 primers with all of the reference and Hup+ bean rhizobial strains. However, the amplification product was 72 bp larger in molecular size when DNAs of the reference R. tropici IIA strains were used as templates compared with the reference strains of R. tropici IIB and R etli (Fig. 4) . On the basis of the different molecular sizes of the amplification products following PCR with the Y1 and Y2 primers, the Hup+ strains could be identified with either type IIA or type IIB R. tropici. Accordingly, USDA 2840 (lane 26) and USDA 2738 (lane 2) were identified as R. tropici IIA and IIB, respectively (Fig. 4) .
The sequence of the PCR product generated with CIAT899 DNA as the template was identical to that of accession no. M55233 in GenBank. The DNA contained three insertions of 8, 32, and 32 bases when the aligned sequences of CIAT899 and USDA 2840 were compared (Fig. 5) . The two aligned sequences had seven nucleotide differences. The amplification product generated with the reference strain of R. tropici IIA, CFN299, was identical to that determined for USDA 2840.
The analysis of aligned partial 16S rDNA rhizobial sequences together with the sequence of USDA 2840 permitted the construction of a phylogenetic tree to determine the phylogenetic position of the Hup+ strain of R. tropici IIA. USDA 2840 and the L. leucocephala strain TAL 1145 were a pair of neighbors, which as a group were neighbors with R. tropici IIB CIAT899 (Fig. 6) . The three strains forming symbioses with L. leucocephala as a group were neighbors of R. leguminosarum, which is similar to a previously reported phylogenetic relationship (27) .
The reference strains of R. tropici were examined for the presence of the Hup character, since this would appear to be a characteristic sometimes associated with this species. Thirteen of the 30 references had DNA homologous with the hup genes of B. japonicum. Three of the strains with DNA homologous to the hup genes expressed Hup activity in symbiosis with P. vulgaris, but symbioses with L. leucocephala were Hup - (Table  1) .
DISCUSSION
Phenotypic and genetic characterization of 11 Hup+ bean strains indicated that the Hup character is present among some strains of R. tropici. The presence of DNA with homology to the hup genes in 13 of the reference strains and expression of Hup activity by three of these strains give further support to the conclusion that Hup is a characteristic of R. tropici. However, our analyses were done with only 11 strains, which were selected because they were reported to express Hup activity (13) . Navarro et al. (13) reported that among the 248 bean strains examined, 100 had DNA with homology to the bradyrhizobial hup genes. Therefore, it is possible that bean strains of other species exist which possess DNA with homology to the hup genes but which were not included in our analysis because either Hup activity was not expressed or expression of Hup activity had not The variability among strains of R. tropici indicated by RFLP and multilocus enzyme electrophoresis was also evident in our study based on PCR analysis with REP and ERIC primers. Although variability was evident in the mobility of minor amplification products, the mobilities of major amplification products in the PCR analysis with REP primers did not vary as template DNA was varied. REP PCR analysis with strains of R. tropici resulted in two major banding patterns and permitted their discrimination from banding patterns generated with strains of R. etli. Similarly, ERIC PCR analysis permitted strains of R. tropici and R. etli to be distinguished.
REP and ERIC PCR analyses also were used to distinguish between the two types of R. tropici. Visual observation of the results and clustering analysis of the data indicated that REP and ERIC PCR with type IIB strain USDA 2738 resulted in banding patterns resembling those of R. tropici type IIA strains. Despite the REP and ERIC PCR results obtained with USDA 2738, the majority of the data indicated that this strain should be classified as R. tropici type IIB. Therefore, the results obtained with USDA 2738 indicated that REP and ERIC PCR cannot be used alone but must be used in conjunction with other analyses to distinguish type IIA and type IIB strains of R. tropici.
Although PCR with the Y1 and Y2 primers generated a single amplification product with the DNA of each of the strains as the template, the molecular sizes of the products obtained with the DNA of R. tropici IIA were 72 bases larger than those obtained with the DNA of R. tropici IIB. The difference in molecular size was attributable to three insertion sequences in the DNAs of USDA 2840 and CFN299 compared with the DNA of CIAT899. Therefore, PCR with the Y1 and Y2 primers and subsequent electrophoresis of the amplification products might be useful in distinguishing strains of R. tropici IIA from strains of IIB.
Comparisons of the aligned sequences of the portion of the 16S rDNA operons amplified with the Y1 and Y2 primers indicated a close relationship of R. tropici type IIA with other rhizobial species able to nodulate L. leucocephala. However, the phylogenetic position of USDA 2840 indicates that R. tropici type IIA is more distantly related to R. tropici type IIB than to the as yet unnamed rhizobial species of L. leucocephala represented by TAL 1145 (CIAT1967). Therefore, it may be appropriate to either include the unnamed rhizobial species of L. leucocephala, represented by TAL 1145, with R. tropici or, alternatively, to separate R. tropici types IIA and IIB into two different species.
